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Organic Selenium Compounds

XVL* Ultraviolet and Visible Spectroscopic Studies of Derivatives of
Diselenocarbonic, Diselenocarbamic and Diselenothiocarbonic Acids

M. L. SHANKARANARAYANA**

Chemical Laboratory II (General and Organic Chemistry), University of Copenhagen,
The H. C. Qrsted Institute, DK-2100 Copenhagen, Denmark

The electronic absorption spectra of a number of organic deriva-
tives of diselenocarbonic, diselenocarbamic, and diselenothiocarbonic
acids have been studied in an attempt to assign the various visible
and ultraviolet absorption bands to the possible electronic transitions.
The nature of the shift of the bands on substituting the heteroatoms
X =0, N, or 8 into the X — C(=Se)—Se— group, the shift of the bands
with the change of solvent, and a comparison of the spectra with
those of the corresponding thiocarbonyl compounds, have been used
as criteria for assigning the bands to the n—»>n*, n—>a*, and n—»o*
transitions. A band due to the Se—Se chromophoric group is recog-
nized, and classification of the bands and their intensities is included.
The study supports the view that the nature of the arrangement of
electrons in the selenium atom is similar to that of sulfur and the
electrons in the former are more weakly bound.

The organoselenocarbonyl (>C=Se) compounds have been the subject of
comparatively little study, although they have been known for more
than 50 years. In a recent review article, King! has pointed out that this
situation is because ‘“The organic selenium compounds are much less stable
than their sulfur analogues and chemists have much less experience in handling
them”.

It is well known that earlier attempts 2 to prepare selenoaldehydes and
selenoketones have been unsuccessful because of their tendency to form cyclic
polymers, thereby destroying the C=Se linkage. It was thought, therefore,
that large organic molecules,? containing the >C=Se group, might be used
in a study of the electronic structure of this chromophoric group. Recently,
Jensen et al.,59 Pedersen,l® Rosenbaum et al.'' Renson et al.12:13 Barnard
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and Woodbridge,'* and the author have described the synthesis of a large
number of selenocarbonyl compounds.

The most striking physical property of these compounds is their colour
which generally varies between yellow and orange. No information is available
on the absorption maxima in the visible regions for the aliphatic selenocarbonyl
compounds; recently, however, Franosini!® reported that the visible absorption
band for an aromatic compound, 2,6-dimethyl-4-seleno-y-pyrone occurred around
650 nm. Mautner ef al.,’® Renson and coworkers,%:13 and Barnard and Wood-
bridge,!* have reported the absorption maxima of some of the strong absorp-
tion bands in the near ultraviolet region for some compounds in which the
>C=Se group is linked to nitrogen atom(s).

In earlier publications,’:18 the electronic spectra of the derivatives of
di- and trithiocarbonic acid (- X ~C(=8)—-8—; X =8, O, or N) were studied.
It is the purpose of the present investigations to extend these studies to the
corresponding derivatives of diselenocarbonic (— O — C(=8e) —Se — ), diseleno-
carbamic (>N —C(==8e)—Se —), and diselenothiocarbonic (—S — C(=S8e)—Se)
acids. It is believed that the data would be useful for purposes of comparison,
and also in enlarging our knowledge on the elements of the VI group of the
periodic table. This study attempts to assign, on the basis of the solvent
effect, the various absorption bands observed to the n—»zn*, z—xa* and n—o*
electronic transitions, to correlate these data with the information available
on the corresponding thiocarbonyl derivatives, and also to rationalize the
shifts of the bands observed when the C=Se group is conjugated with mono-
atomic substituents (O, N, or S) bearing lone pairs of electrons.

EXPERIMENTAL

Compounds

Derivatives of diselenocarbonic acid. Potassium ethyldiselenoxanthate (potassium
O-ethyl diselenocarbonate) was prepared by reacting potassium ethanolate and
carbon diselenide.!®* Se-Carboxymethyl esters of O-alkyl diselenocarbonic acid
(RO—C(=8e)—Se—CH,COOH) in which R=CH,, n-C;H,, or i-C;H, were prepared
in this laboratory in connection with other studies.’ Bis(ethoxyselenocarbonyl) diselenide
((CsH O —C(=Se)—Se),; m.p. 62°C) was prepared by the oxidation of potassium ethyl-
diselenoxanthate in water with ammonium persulfate. This compound has been previ-
ously prepared by the oxidation of potassium ethyldiselenoxanthate with iodine.!*

Derivatives of diselenocarbamic acid. §odium N,N-diethyldiselenocarbamate, diethyl-
ammonium N,N-diethyldiselenocarbamate, dipropylammonium N,N-dipropyldiseleno-
carbamate, and piperidinium 1-piperidinecarbodiselenoate were prepared according to
Rosenbaum et al.!? Morpholinium 4-morpholinecarbodiselenoate and pyrrolidinium 1-
pyrrolidinecarbodiselenoate, carboxymethyl N,N.diethyl-, and N,N-dipropyldiseleno-
carbamates, carboxymethyl piperidine-, morpholine-, and pyrrolidinecarbodiselenoates
were prepared and purified as described earlier.*

Derivatives of diselenothiocarbonic acid. Carboxymethyl S-isopropyl and carboxy-
methyl ;’S")-isobutyl diselenothiocarbonates were prepared according to Jensen and
Anthoni.

Solvents

Ethanol was purified by refluxing with sodium hydroxide and was used only after
subsequent distillation. Methylene chloride and heptane were supplied by Riedel-De
Haén AG., Seelze-Hannover, and they were distilled once before use. Methyl cyanide
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Table 1. Peak wavelengths and molar extinction coefficients for some derivatives of diselenocarbonic

acid.
Compound Water Ethanol Eigt}}l}ll(;;(;' Heptane 2@?}1}5&2

Amax 108&  Apax  loge Aga,  loge  Agay loge Agax loge

nm nm nim, nm nm,
EtOCSe, K 452  2.12 458 2.26 — — — — — -
350 4.11 354 4.12 — - — — — —

253 3.91 253 3.99 — — — — —
EtOCSe,CH,COOH 425 238 — — 433 2.09 425 2.10
324 4.15 — — 319 4.33 323 4.20
244 4.20 — - 243 4.34 243 4.30
PrOCSe,CH,COOH 424 2,12 424 2.06 434 2.00 424 2.12
325 3.83 324 3.88 321 4.00 323 4.13
246 3.89 245 3.91 244 4.01 243 4.11
Pri0OCSe,CH,COOH 424 2.16 426 2.10 434 1.97 424 2.21
325 3.81 324 3.82 321 3.93 323.5 3.99
245 3.85 245 3.86 243 3.94 243 3.98
EtOC(Se)Se — SeC(Se)OEt 432sh 2.40 440  2.39  434sh 2.40
\ 347sh 4.05 340sh — 345sh 4.20
295 4.42 297 4.43 296 4.50
239 4.20 242 4.18 238 4.31

sh=shoulder

was of a spectrograde quality supplied by Carlo Erba Company, Italy. Diethyl ether was
freed from peroxides by shaking with iron(II) sulfate and then washed with water. It
was kept over anhydrous calcium chloride and later refluxed with sodium to remove
traces of water, and distilled. Doubly distilled water was used.

Spectra

The ultraviolet and visible absorption spectra of solutions were recorded on a Perkin
Elmer Model 137 spectrophotometer, using 1 cm fused quartz matched cells. The tem-
perature of the cells was maintained at 20°C. A concentration range from 5x 10~° M to
1x1072 M was used. The spectra of some of the carboxymethyl derivatives (O-ethyl
diselenocarbonate, 1-piperidinecarbodiselenoate and S-isopropyl diselenothiocarbonate)
were studied in 96 9, analytical grade sulfuric acid. During such studies the compound
was dissolved in the acid at 0°C and the spectra measured within 10 min. However, the
acid could not be used as a solvent for the remaining compounds since they decomposed
in the acid medium, resulting in the precipitation of red selenium.

RESULTS

The data on the absorption maxima (nm) and the molar extinction coef-
ficients (log ¢) of the various compounds investigated are included in Tables
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Table 2. Peak wavelengths and molar extinction coefficients for some derivatives of diselenocarbamic
acid.

Ethanol Dichloro- Diethyl Methyl

Compound Water methane ether cyanide

Amax loge Ayax  loge Amay loge Ay, loge Ay, loge
nm

nm nm, nm nm
Et,NCSe,Na 403 220 415  2.18
318 4.06 328  4.05
274 420 277 418
[Et,NCSe,][H,NEt,] 403 219 415  2.20
318 4.35 327  3.77
275 4.52 280  3.93
[Pr,NCSe,][H,NPr,] 404 210 416 215
318 4.10 326  3.78
274 451 281  4.20
[C,H,,NCSe,[H,NC,H,,] 404 225 416  2.30
317 3.97 325  3.90
277.5 4.17 281  4.20
[(CH,),NCSe,)[H,N(CH,),] 384 232 390 2.28
314 3.93 318  3.95
271  4.07 278  4.10
[O(CH,),NCSe,J[H,N(CH,),0] 404 210 416  2.14
318 3.98 325  4.00
276 4.10 280  4.15
Et,NCSe,CH,COOH — — 388 221 375 220 400 220 382 228
—  — 314 403 313 4.08 317 3.96 312 4.08
—  — 267 408 265 4.13 265 4.04 265 4.12
— — 256 410 255 4.16 255 4.06 254 4.15
Pr,NCSe,CH,COOH — — 390 220 374 210 401 215 —  —
—  — 315 410 314 415 316 410 —  —
— — 265 400 265 410 265 410 —  —
—  — 255 410 255 4.00 253 4.12 -  —
C,H,,NCSe,CH,COOH — — 388 219 372 220 400 219 380 2.30
— — 314 396 313 4.03 317 414 313 4.03
—  — 266sh 3.97 265 4.08 265 4.19 265 4.04
— — 255 3.99 255 4.0 253 4.23 253 4.06
O(CH,),NCSe,CH,COOH —  — 395 220 372 221 402 214 392 2.0l
— — 314 409 315 4.11 317 4.09 315 4.08
—  — 273 408 272 4.09 270 4.20 275 4.10
— — 256 408 — — 262 418 254 4.09
(CH,),NCSe,CH,COOH — — 380 22 —  —
-  — 310 390 — @ —
— — 262h 398 —  —
— — 255 400 — @ —

sh=shoulder
Acta Chem. Scand. 24 (1970) No. 6
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Table 3. Peak wavelengths and molar extinction coefficients of some carboxymethyl
esters of diselenothiocarbonic acid.

Ethanol Methylene Methyl Heptane
I chloride cyanide
ompound
Amax loge  Amax loge Amax loge  Amax loge
nm nm nm nm
PriSCSe,CH,COOH 534 1.92 534 2.00 - — 541 1.92
365 3.87 361 3.89 — — 357 3.87
323 3.90 324 3.92 — — 325 4.00
BuiSCSe,CH,COOH 534 1.93 534 2.06 532 1.80 540 1.98

366 3.89 362 3.84 365 3.71 358 3.98
323 3.92 324 4.06 324 3.80 325 4.08

1 to 3. Representative absorption spectral curves of a covalent compound
of diselenothiocarbonic acid, an ionic and two covalent compounds of diseleno-
carbonie, and an ionic and a covalent compound of diselenocarbamic acid
are given in Figs. 1 to 6.
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Fig. 1. Spectrum of C;H;0CSe,K in ethanol.  Fig. 2. Spectrum of C,H,0CSe,COOH in
ethanol.

DISCUSSION

An examination of Tables 1 to 3 and Figs. 1 to 6 shows that all the deriva-
tives of the diselenocarbonic, diselenocarbamic, and diselenothiocarbonic
acids exhibit a low intensity band in the visible region of the spectrum. In
addition, two strong absorption bands are found in the spectra of the deriva-
tives of diselenocarbonic and diselenothiocarbonic acids while three strong
absorption bands are found in those of the diselenocarbamic acid. For con-
venience, and also for an easy classification of the various bands, the data
included in the Tables 1 to 3 are summarized in the Table 4. Data on the
absorption maxima of the corresponding thiocarbonyl compounds are also
included in the table for purposes of comparison.
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Fig. 3. Spectrum of
C,H,0C(Se)Se— Se—C(Se)OC,H; in ethanol.
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Fig. 4. Spectrum of (C,H;),NCSe,Na in

ethanol.

Table 4. Data on the absorption bands of the selenocarbonyl and thiocarbonyl covalent
compounds with the structure — X -C(=Y)—-Y—.

No. Compound Atoms Absorption maxima in nm

X Y I II II1 v
1(a) Diselenothiocarbonate S Se 540 358 324
(b) Trithiocarbonate S S 429 303 238
2(a) Diselenocarbonate 6] Se 434 320 243
(b) Dithiocarbonate ) S 357 278 221
3(a) Diselenocarbamate N Se 400 317 266 255
(b) Dithiocarbamate N S 343 277 246 224

In Table 4, the low intensity band is designated as band I while the remain-
ing strong absorption bands are designated 11, III, and IV.
Band 1. The spectra of all the compounds exhibit this low intensity band

(log ¢ =2.2) at longer wavelengths. This band is the most novel and, at the
same time, important from the point of view of assignment as the position of
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Fig. 5. Spectrum of Fig. 6. Spectrum of i-C,H,SCSe,CH,COOH
(C4H;),NCSe,CH,COOH in ethanol. in ethanol.
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it is markedly dependent on the atoms linked to the >C==Se group. The band
is very sensitive to the solvent used and it shifts to shorter wavelengths on
passing from non-polar to polar solvents. The band disappeared when the
spectra of the Se-carboxymethyl derivatives (O-ethyl diselenocarbonate, 1-
piperidinecarbodiselenoate, and S-isopropyl diselenothiocarbonate) were stud-
ied in concentrated sulfuric acid. The band also moves towards shorter wave-
lengths on substitution of the heteroatom (X) into the — X —C(=S)—Se—
group (where X =8, O, or N); the shift being a maximum when X=N. The
above findings suggest that the low intensity band arises from the promotion
of a non-bonding electron (4 p,), localized on the selenium atom of the >C==Se
group, to an antibonding m-molecular orbital. The transition is labelled as
n—n* transition.?-25 The direct proportionality between the blue shift of
the band and the polarity of the solvent indicates that the transition energy
involved increases with the increase in polarity of the solvent, due to solvation
and/or hydrogen bonding between the non-bonding electrons of the >C==Se
group of the solute and the solvent molecules.

2,6-Dimethyl 4-seleno-y-pyrone 1® has been found to exhibit a long wave-
length band at 650 nm. This band may be assigned to the n—z* transition,
and the shift towards longer wavelengths can be explained in terms of conjuga-
tion. Similar bathochromic shifts have been observed in carbonyl % and thio-
carbonyl 7 compounds.

The electronic configuration of selenium is known to be similar to that of
sulfur and oxygen. One should, therefore, expect the selenocarbonyl group
to absorb at wavelengths longer than that of the thiocarbonyl and carbonyl
groups because the 4 p_ electron of the selenium is more weakly bound than
that of the 3 p, and 2 p, electron of the sulfur and oxygen, respectively. The
ionization potentlal of the selenium atom is 9.5 V while that of sulfur and
oxygen atoms are 10.3 and 13.6 V, respectively.282* Because of this, the energy
required for the excitation of the non-bonded electron of selenium is less than
the energy required for the excitation of the non-bonded electron of sulfur
(Table 4) and oxygen.? Potassium O-ethyl diselenocarbonate (Fig. 1) shows
an absorption maximum at 458 nm in ethanol, while potassium O-ethyl
dithiocarbonate 3° absorbs, in the same solvent, at 383 nm. Similarly, sodium
N,N-diethyldiselenocarbamate (Fig. 4) and Se-carboxymethyl S-isopropyl
diselenothiocarbonate in ethanol (Fig. 6) absorb at 415 and 534 nm, respectively
(Tables 2 and 3), and their sulfur analogues 303! in the same medium, at 359
and 430 nm, respectively. Further, the parallel spectral behaviour of the
selenocarbonyl and the thiocarbonyl groups can be seen from the data (Table
4) on the intramolecular blue shift of the n—»n* transition bands produced
by the electron donating substituents. The n—a* band of the >C==Se group
in the derivatives containing the — X —C(=S8e)—Se— (X =8, O, or N) group
shifts progressively to shorter wavelengths in the following sequence:

PriSCSe,CH,COOH (534 nm) (Fig. 6) >
Et0CSe,CH,COOH (425 nm) (Fig. 2) >
Et,NCSe,CH,COOH (388 nm) (Fig. 5).

Consequently, the substituent heteroatom (S, O, or N), possessing a lone pair
of electrons, acts as an electron donor (by resonance) to the >C==Se group

Acta Chem. Scand. 24 (1970) No. 6 : 14
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resulting in a blue shift of the n—»zn* band in these compounds. A similar
behaviour of the mesomeric electron releasing order S<Q<N has been
observed in the corresponding thiocarbonyl 18,21,31,82 and carbonyl® compounds.
In the derivatives of the diselenocarbamic acid, the substitution of the dialkyl-
amino groups with piperidino or morpholino groups did not alter greatly the
position of the various bands. However, introduction of the 1-pyrrolidyl
group shifts all the bands towards shorter wavelengths. This hypsochromic
shift may be due to a greater electron-donating tendency of the 1-pyrrolidyl
group in the excited state. A similar effect, caused by a 1-pyrrolidyl group,
has also been found in compounds containing the thiocarbonyl group.3

Strong absorption bands in the near ultraviolet
region

The bands II, III, and IV (Tables 1, 2, 3, and 4) have nearly the same
intensity. '

Band I1. This band is present only in the derivatives of the diseleno-
carbamic acid (and also in compounds where the >C=Se group is directly
linked to nitrogen atom(s) such as selenoamides, O-alkyl selenocarbamates,
selenosemicarbazides and selenoureas 3¢). The band was found to disappear
from the spectrum of carboxymethyl piperidinecarbodiselenoate when it
was measured in concentrated sulfuric acid. The band shifts towards lower
wavelengths on changing the solvent from diethyl ether to ethanol. It is
interesting to note that a similar band is found in the derivatives of dithio-
carbamic acid 182,81 and also in other nitrogen containing thiocarbonyl com-
pounds.3® Because of the direct relationship of the blue shift of this band to
the polarity of the solvent it is tempting to suggest that the origin of the band
may be an n—»c* transition.

The band situated at 287 nm in the selenosemicarbazone of butyraldehyde
is found at 327 nm in the selenosemicarbazone of benzaldehyde.’® The batho-
chromic shift on conjugation with a benzene ring supports the suggestion
that the band may arise from a m-—»>xz* transition. Recently, Sandstrom 3¢
used the bathochromic shift of the band on conjugation to assign the 279 nm
band of methyl dithiocarbamate to a w—n* transition. It is known that the
n->n* band can also exhibit a blue shift on increasing the polarity of the
solvent.?¢ However, band II may be ascribed as characteristic of the N—C==Se
group since a similar band with the same behaviour is also found in the other
nitrogen containing selenocarbonyl compounds — such as selenoureas, seleno-
semicarbazides, ahd O-alkyl selenocarbamates.34

Band 111. This band is observed in all the compounds studied in this
paper. The band shows generally small red shifts when the solvent is changed
from a non-polar to a polar solvent. On the basis of both solvent effect studies
and data on corresponding sulfur compounds,®2 the band may be assigned
to a m—>n* transition in which an electron is excited from the highest occupied
z-orbital to the lowest and empty antibonding n-level. In the case of diseleno-
carbamate compounds, band III (around 266 nm) may be considered as due
to a second —>z* transition. It is interesting to note that band ITI immediately
precedes band I (n—=*) in all the compounds studied except in the derivatives

Acta Chem. Scand. 24 (1970) No. 6
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of the diselenocarbamic acid. In carboxymethyl esters of diselenocarbamic
acid band III occurs only as a shoulder. As with the n—z* band, the n—»>a*
band also shifts towards shorter wavelengths on increasing the electron releas-
ing tendency of the substituent atoms linked to the C=Se group.

The bands occurring at 318 and 285 nm in zinc diethyl diselenocarba-
mate 14,3® correspond, respectively, to the bands around 317 nm (band II)
and 276 nm (band III) present in the ionic diselenocarbamate compounds -
(Table 2). The fact that these bands are not shifted in the zinc complex indicates
that they arise from internal transitions within the ligands. In the covalent
organic compounds of diselenocarbamic acid band III is not well resolved
because of the close proximity of an intense band (band IV).

Band IV. The derivatives of diselenothiocarbonic acid exhibit this band
at 324 nm, whilst in the derivatives of diselenocarbonic and the diseleno-
carbamic acids it occurs around 243 and 255 nm, respectively. The intense
band occurring around 253 nm in the alkali metal diselenocarbonates shifts
to 295 nm in bis(ethoxyselenocarbonyl)diselenide (Fig. 3). The 295 nm band
shows a blue shift on changing the solvent from heptane to ethanol. It is
known %,37 that compounds of the type R— A — A —R’ with overlapping lone
pair of electrons absorb at longer wavelengths than analogous compounds
of the type R — A —~R’. Thus a diselenide absorbs at longer wavelengths than
a corresponding monoselenide.

The band can therefore be ascribed to an n—»¢* transition within the
Se —Se chromophoric group. In this process an electron transfer may take
place either from the non-bonding lone pair, localized in the Se —Se group, -
to an antibonding o¢-orbital within the group, or from the antibonding -
orbital (formed by the combination of the lone pair of electrons) to the anti-
bonding o¢-orbital.37,38

In addition to the bands discussed above other bands were observed in
some of the compounds; these are not included in the Tables 1 — 3. For example,
the band corresponding to the 240 nm band of bis(ethoxyselenocarbonyl) disele-
nide occurs around 213 nm in both the alkali metal O-ethyl diselenocarbonates
and in O-alkyl Se-carboxymethyl esters of diselenocarbonic acid. In the case
of these carboxymethyl esters the 213 nm band was absent in heptane solution.
In the ionic diselenocarbamate compounds a band corresponding to band IV
appears to merge with band III to form a composite band. No attempt was
made to study these bands because of the practical difficulties, such as choosing
the solvents, and the unreliability of the data in such wavelength regions.

Work is in progress on the LCAO —MO calculations of the >C=Se group
linked to different heteroatoms.
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